2.02Si 3.00Mn and 0.39C 2.05Si 4.09Ni (wt.pct.) s t e e l s t o b a i n i t e has been s t u d i e d by both atom probe and TEM l a t t i c e f r i n g e techniques. The i n f e r r e d carbon concentrations i n t h e r e t a i n e d a u s t e n i t e a r e i n g e n e r a l agreement w i t h t h e theory t h a t b a i n i t i c f e r r i t e grows with t h e p a r e n t a u s t e n i t e carbon content ( i -e . f u l l y -s u p e r s a t u r a t e d ) .
However, " i n d i r e c t " l a t t i c e f r i n g e measurements suggest a broader spread f o r t h e carbon contents than t h e " d i r e c t " atom probe r e s u l t s . I n t h i s paper, we p r e s e n t f u r t h e r confirmatory d a t a using t h e former approach and i n v e s t i g a t e t h e p o s s i b l e causes f o r t h e apparent inconsistency between t h e techniques. I n p a r t i c u l a r we consider i n d e t a i l t h e e f f e c t of t h e r e t a i n e d constrained e l a s t i c s t r a i n s , a s s o c i a t e d with the transformation, on t h e TEM r e s u l t s .

Current Evidence f o r t h e Incomplete B a i n i t e Reaction
The determination of t h e carbon content of b a i n i t i c f e r r i t e d i r e c t l y during i t s formation would provide unequivocal evidence f o r t h e way i n which it i s formed i n a s t e e l . While t h i s would n o t appear t o be p r a c t i c a b l e , Bhadeshia and Edmonds (1, 2) have shown t h a t measurement of t h e carbon c o n t e n t of r e t a i n e d a u s t e n i t e , a t t h e completion o f t h e b a i n i t e r e a c t i o n , can provide i n d i r e c t evidence f o r t h e mode o f transformation. The e s s e n t i a l q u e s t i o n t o be answered i s whether t h e b a i n i t e grows with a f u l l s u p e r s a t u r a t i o n of carbon (with subsequent carbon r e j e c t i o n ) o r a l t e r n a t i v e l y with e i t h e r p a r t i a l supers a t u r a t i o n o r e q u i l i b r i u m carbon l e v e l s and d i f f u s i o n c o n t r o l l e d growth k i n e t i c s . Reaction by t h e former r o u t e ( e s s e n t i a l l y m a r t e n s i t i c a l l y ) would only be thermodynamically p o s s i b l e below a temperature To ( 3 ) which can be defined a s t h a t a t which t h e a u s t e n i t e and f e r r i t e with t h e same composition have equal f r e e e n e r g i e s . The enrichment of t h e r e s i d u a l a u s t e n i t e , a s a product o f t h e post-transformation r e d i s t r i b u t i o n of carbon, would then l e a d t o r e a c t i o n termination when t h e carbon c o n t e n t of t h e a u s t e n i t e reaches t h e To boundary. Because t h e To carbon l e v e l i s well below t h e equilibrium l e v e l of carbon i n a u s t e n i t e (Ae3' s e e r e f . 4 ) , t h i s a p p a r e n t l y premature r e a c t i o n termination i s r e f e r r e d t o a s t h e "incomplete r e a c t i o n phenomenon" ( 4 ) .
Bhadeshia and Edmonds (1) o r i g i n a l l y provided i n d i r e c t evidence based on d i l a t o m e t r i c d a t a (21, t h a t t h e carbon content of t h e r e t a i n e d a u s t e n i t e a t r e a c t i o n termination can f a l l f a r s h o r t of t h a t which might be expected (Ae3') on t h e assumption of b a i n i t i c growth with i n t e r s t i c i a l ( b u t n o t s u b s t i t u t i o n a l ) element p a r t i t i o n i n g , and on o r about t h e values t o be expected f o r an e s s e n t i a l l y m a r t e n s i t i c growth process. F u r t h e r i n d i r e c t evidence f o r nond i f f u s i o n a l c o n t r o l l e d k i n e t i c s h a s been obtained by S e l f e t a l . ( 5 ) who measured t h e r e l a t i v e l a t t i c e parameters of t h e a u s t e n i t e and f e r r i t e from area t o a r e a using high r e s o l u t i o n e l e c t r o n microscopy. I t was a l s o , however, shown (5) t h a t t h e i n f e r r e d carbon c o n t e n t s of t h e a u s t e n i t e showed considerable s c a t t e r between t h e To and Ae3' values. The complete way i n which a b a i n i t e Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1982469 sheaf develops (1,4) can be expected t o l e a d t o an inhomogeneous d i s t r i b u t i o n of carbon (4,6) b u t t h e breadth of t h e i n f e r r e d carbon contents (5) demands a c r i t i c a l study of t h e assumptions made i n t h e T E M approach.
E l e c t r o n microscopical methods f o r measuring t h e carbon c o n t e n t a r e bound t o r e l y , f o r example, on t h e assumed constancy of t h e f e r r i t e l a t t i c e parameter, and t h e l a c k of r e t a i n e d e l a s t i c s t r a i n s i n t h e f o i l s . Bhadeshia and Waugh (4, 6) consequently undertook atom probe measurement of both t h e carbon and s u b s t i t u t i o n a l element segregation i n t h e two s t e e l s p r e v i o u s l y examined by e l e c t r o n microscopy ( 5 ) . The d i r e c t measurements o f carbon contents obtained i n t h i s way showed somewhat l e s s s c a t t e r than had been i n f e r r e d from t h e previous preliminary r e s u l t s , b u t s u f f i c i e n t t o prompt a f u r t h e r a n a l y s i s of whether o r n o t f e r r i t e growth might occur with p a r t i t i o n i n g a t p a r t i a l s u p e r s a t u r a t i o n . T h i s was, however, shown n o t t o be j u s t i f i a b l e , both on grounds of growth s t a b i l i t y and on t h e b a s i s of a d e t a i l e d thermodynamic a n a l y s i s of experimental r e s u l t s ( 4 , 6 , 7 ) .
Furthermore, comprehensive e l e c t r o n microscopical d a t a have a l s o now been obtained f o r one of t h e s t e e l s p r e v i o u s l y examined by t h i s method ( 5 ) . T h i s was done w i t h t h e aim o f both making a f u l l e r comparison of t h e r e s u l t s o b t a i n a b l e by improved techniques of i n d i r e c t l a t t i c e measurement and t h e d i r e c t atom probe method, and t o s e e whether o r not t h e two approaches suggest s u b s t a n t i a l l y d i f f e r e n t carbon v a r i a b i l i t y from p l a c e t o p l a c e i n t h e a u s t e n i t e . O u r e a r l i e r work (5) using transmission e l e c t r o n microscopy was concerned p r i m a r i l y with t h e a n a l y s i s of t h e accuracy w i t h which t h e measurement of l a t t i c e f r i n g e s can g i v e i n t e r p l a n a r spacings and s o s p e c i f y s p a t i a l v a r i a t i o n i n t h e concentrations of a l l o y i n g elements.
I
t was noted t h a t t h e b e s t way of o b t a i n i n g an a c c u r a t e measure of a l a t t i c e spacing f o r a f i n i t e region involves averaging t h e l a t t i c e f r i n g e spacings f o r a through f o c a l s e r i e s ( a p o i n t which does n o t appear t o have been appreciated i n some e a r l i e r work, e.g. ( 8 ) ) . This i s necessary because of t h e r a p i d v a r i a t i o n o f t h e o b j e c t i v e l e n s t r a n s f e r function, i n t h e v i c i n i t y of t h e Bragg angle, with defocus. I t i s f o r t h i s reason t h a t non-axial imaging can provide l a t t i c e f r i n g e spacing d a t a s:~owing l e s s spread than values obtained a x i a l l y .
Here we p r e s e n t both t h e o l d ( 5 ) and new d a t a obtained by transmission e l e c t r o n microscopy and compare them with t h e r e s u l t s obtained by atom probe techniques on t h e same s t e e l ( 4 , 6 ) . The r e s u l t s described were obtained f o r a s t e e l of composition Fe-0.39C-2.05Si -4.08Ni, w t -p c t . a u s t e n i t i s e d a t llOOOc f o r t e n minutes p r i o r t o i t being i s o t h e r m a l l y transformed a t 3 4 0~~ f o r an hour.
This heat-treatment ensures t h a t t h e b a i n i t e r e a c t i o n reaches termination ( 7 ) . The values of t h e carbon c o n t e n t s of t h e a u s t e n i t e o b t a i n e d by e l e c t r o n microscopy were i n f e r r e d assuming both t h a t t h e f e r r i t e l a t t i c e can be taken a s an i n t e r n a l standard ( a = 0.28664nm) and t h a t t h e a u s t e n i t e l a t t i c e parameter a v a r i e s with carbgn content i n wt.pct ( x ) a s d e s c r i b e d by Roberts (9) : Y I t may be seen from f i g u r e 1 t h a t while t h e new TEM values a r e c o n s i s t e n t with t h e o l d e r d a t a , t h e random e r r o r s f o r each of t h e TEM r e s u l t s a r e r a t h e r l a r g e r than those f o r t h e d i r e c t measurements using t h e atom probe technique. More i n t e r e s t i n g l y , it i s c l e a r t h a t t h e spread i n t h e r e s u l t s obtained by e l e c t r o n microscopy i s both g r e a t e r than would be expected given t h e measured random e r r o r f o r each value and g r e a t e r than f o r t h e atom probe r e s u l t s . Since t h e l a t t i c e f r i n g e technique can be r e a d i l y used t o provide s i g n i f i c a n t l y more d a t a than can be reasonably obtained using atom probe methods, i t i s important t o analyse a l l p o s s i b l e reasons f o r any systematic d i f f e r e n c e s between t h e approaches.
.
The R e l a t i v e Spread of Atom Probe and L a t t i c e Fringe Data I n comparing t h e r e l a t i v e spreads f o r t h e two s e t s of d a t a it i s immediately r e l e v a n t t h a t Bhadeshia and Waugh ( 4 ) demonstrated t h a t t h e carbon c o n t e n t of t h e f e r r i t e ( a s measured using t h e atom probe) can be well above i t s equilibrium value, and a s high a s d.8 wt.pct.
This c l e a r l y c a s t s doubt on t h e use of t h e f e r r i t e l a t t i c e spacing a s a r e f e r e n c e s t a n d a r d i n t h e i n d i r e c t TEN approach. I t would seem, however, t h a t l e s s than 1 a t . p c t . ( o r 'l.0.3 w t -p c t . ) of t h e TEM i n f e r r e d spread i n carbon l e v e l s could have i t s o r i g i n i n any such v a r i a b i l i t y of f e r r i t e l a t t i c e parameter.
Indeed, it i s l i k e l y t h a t such high carbon l e v e l s i n t h e f e r r i t e were o b t a i n e d from r e g i o n s where t h e r e were d i s l o c a t i o n s (4,101 and such regions a r e g e n e r a l l y avoided i n making l a t t i c e f r i n g e spacing measurements ( 5 ) . I t should however be appreciated t h a t t h e f e r r i t e l a t t i c e f r i n g e spacing measurements a r e more d i f f i c u l t t o o b t a i n than those f o r a u s t e n i t e (and could n o t be obtained by t h e p o t e n t i a l l y more a c c u r a t e CBED technique because of t h e high d i s l o c a t i o n d e n s i t y ( 5 ) ) . I t i s c l e a r however t h a t t h e f e r r i t e h e r e provides a f a r more r e l i a b l e s t a n d a r d than has been used i n e a r l i e r work (11) on a r e l a t e d carbon segregation problem i n a s t e e l when a m a r t e n s i t e with an assumed carbon c o n t e n t was u t i l i s e d . Barnard e t a l . (10) took t h e u n c e r t a i n t y i n t h e m a r t e n s i t e r e f l e c t i o n s used t o be t h e reason f o r t h e broad spread of previous d a t a (11) which they took t o be c o n s i s t e n t with t h e i r atom probe r e s u l t s (10) .
I Fig. 1 Comparison of l a t t i c e f r i n g e (A) and atom probe (*) -determination of t h e carbon c o n t e n t of r e t a i n e d a u s t e n i t e i n Fe-O.39C-2.05Si-4.08Ni (wt.pct.) i s o t h e r m a l l y transformed a t 3 4 0~~. The dashed l i n e s correspond t o t h e To and Ae3' carbon contents. The e r r o r s i n t h e atom probe r e s u l t s a r e o f comparable s i z e t o t h e c i r c l e s .
The new TEM r e s u l t s a r e 1-9, t h e o l d values a r e comparable, from (5). and a r e t h e values 10-13.
The atom probe r e s u l t s , 14-21, a r e from (6) and included f o r comparison.
I t w i l l a l s o be noted t h a t two o f t h e a u s t e n i t e carbon contents i n f e r r e d from t h e l a t t i c e f r i n g e measurements l i e above t h a t which should be p o s s i b l e on t h e b a s i s of equilibrium p a r t i t i o n i n g assuming no s u b s t i t u t i o n a l element segrega t i o n . Neither r e s u l t can be explained on t h e b a s i s of e i t h e r random e r r o r o r any lack of constancy of t h e f e r r i t e l a t t i c e spacing.
I n t h i s connection it w i l l be remembered (1,2) t h a t s i l i c o n i s added t o t h e a l l o y examined t o p r e v e n t t h e formation of carbides. However, t h e measured values of l o c a l (on an atom probe s c a l e ) s i l i c o n c o n t e n t s (6) showed s c a t t e r perhaps g r e a t e r than t h a t expected s t a t i s t i c a l l y . I f t h e r e i s l o c a l v a r i a t i o n i n t h e s u b s t i t u t i o n a l element l e v e l , then some v a r i a t i o n i n t h e a p p r o p r i a t e Ae3' and To l i n e s would be expected, b u t t h e i r movement i s i n s i g n i f i c a n t . There thus does n o t appear t o be any c o n s i s t e n t thermodynamic explanation f o r t h e two high carbon l e v e l s i n f e r r e d from t h e TEM r e s u l t s . W e do n o t wish t o s p e c u l a t e on t h e p o t e n t i a l mode of carbide formation i n t h i s m a t e r i a l , b u t a s i n g l e c a r b i d e was observed i n one of t h e many f o i l s
examined. There a r e , i n f a c t , two ways i n which t h e i n f e r r e d high carbon contents measured could have been obtained.
The f i r s t of t h e s e i s t h a t some form of " c a r b i d e nucleus" of dimensions l e s s than approximately & of t h e f o i l t h i c k n e s s l a y i n t h e region examined (12). The second i s t h a t t h e l o c a l regions examined
which were small and r e l a t i v e l y equiaxed, r e t a i n e d constrained s t r a i n s a s s o c i a t e d with t h e transformation g r e a t e r t h a n those which might be expected ( s e e below) i n which case the carbon l e v e l s i n f e r r e d would be i n c o r r e c t .
I t i s a l s o presumably s i g n i f i c a n t t h a t , because of t h e need f o r a comparison of f e r r i t e and a u s t e n i t e l a t t i c e f r i n g e spacings i n a s i n g l e micrograph, t h e r e i s a systematic tendency t o examine s m a l l e r regions of a u s t e n i t e than t h e average when using t h e TEM approach. (1) f o r t h e i n f e r r e d carbon contents.
A more i n t e r e s t i n g p o t e n t i a l reason f o r t h e g r e a t e r spread of t h e i n d i r e c t l y (TEM) i n f e r r e d carbon d a t a l i e s i n t h e p o s s i b i l i t y t h a t t h e f e r r i t e and a u s t e n i t e a r e r e l a t i v e l y s t r a i n e d during t h e transformation, and t h a t t h e s e s t r a i n s a r e r e t a i n e d , i n perhaps modified form, i n t h e t h i n f o i l s examined, t h u s i n v a l i d a t i n g t h e use of equation
I t should be noted t h a t random bending of f o i l s does n o t provide a s i g n i f i c a n t o r s y s t e m a t i c v a r i ab i l i t y of t h e l a t t i c e f r i n g e spacings which a r e n e c e s s a r i l y obtained f o r regions of very uniform o r i e n t a t i o n ( 5 ) .
Limiting v a l u e s f o r t h e e l a s t i c s t r a i n s associ a t e d with t h e transformation can be obtained under a number o f s i m p l i f y i n g assumptions, provided t h a t t h e s t r e s s f r e e transformation s t r a i n s , ciT, a r e known, using t h e p r e s c r i p t i o n s d e r i v e d by E s h e l b y ( l 3 ) . Using h i s n o t a t i o n f o r t h e transformation of an o b l a t e spheroid with a = b > > c and T T A E T = a + s a n d E T = T S E l l = E 2 2 = y l C 33 3 13 E31 = 7 t h e "constrained s t r a i n s " , ci j, may be obtained using a matrix of coupling c o n s t a n t s , SijkL, from t h e s.T s i n c e , using t h e repeated s u f f i x n o t a t i o n :
The a p p r o p r i a t e values f o r t h e S i . k~ f o r an o b l a t e spheroid have been worked o u t by C h r i s t i a n ( 1 4 ) . The e l a s t i c s t a i n s i n t h e surrounding matrix f a l l away r a p i d l y with d i s t a n c e from t h e transformed region, and f o r an i n f i n i t e body have T z e r o average value.
The e l a s t i c s t r a i n s w i t h i n t h e i n c l u s i o n , 6 . x = E -~i j ,
1.7
i j a r e however uniform f o r an i n c l u s i o n of e l l i p s o i d a l shape and a r e n e c e s s a r i l y a s s o c i a t e d with average s t r a i n s i n t h e matrix, i n a f i n i t e body, of magnitude < E i j >~, which f o r our purposes ( n e g l e c t i n g d i f f e r e n c e s i n t h e assumed i s o t r o p i c e l a s t i c c o n s t a n t s , and p a r t i c l e i n t e r a c t i o n s important a t high volume f r a c t i o n ( f ) ) may be taken t o be given by:
Thus f o r an o b l a t e spheroid we f i n d t h a t :
and p being Poisson's r a t i o . I t i s g e n e r a l l y assumed i n i n v a r i a n t p l a n e s t r a i n &ransformations of t h i s type t h a t A = 0 and a p p r o p r i a t e values f o r t h e o t h e r ~i j a r e given by S -0.24 and 5 = 0.016 (15) and we thence f i n d ( t a k i n g ; a s 0.02 (1) and p -0.29) t h a t -El:
and E~: = -14.6 x For a transformation which 22 h a s proceeded t o f = 0.5 t h e average matrix s t r a i n s would be very approximately h a l f t h e above values, and t e n s i l e i n n a t u r e .
Several p o i n t s a r e immediately apparent. F i r s t l y , i f t h e s e were i n f a c t t h e p r i n c i p a l e l a s t i c s t r a i n s i n a t h i n f o i l , t h e e r r o r s r e s u l t i n g from t h e use of equation (1) i n assuming a r e l a t i o n s h i p between t h e l a t t i c e parameter and t h e carbon c o n t e n t would amount t o l e s s than 0.01 wt.pct. and a r e t h u s n e g l i g i b l e i n comparison with t h e spread o f values obtained experimentally.
Even i f , a s is probable, t h e production o f a t h i n f o i l l e a d s t o i n c r e a s e s i n t h e r e t a i n e d s t r a i n i n t h e plane of t h e f o i l , it i s u n l i k e l y t h a t any e r r o r s from t h i s o r i g i n could be g r e a t e r than 0.lwt.pct.
Secondly, i t i s worth n o t i n g t h a t a transformation i n which t h e s c a l e r p a r t of t h e d i l a t a t i o n , A, i s zero r e s u l t s i n e l a s t i c volume changes of both i n c l u s i o n and matrix, and t h e a s s o c i a t e d s t r e s s e s would be expected t o be p a r t i a l l y r e l i e v e d by carbon d i f f u s i o n subsequent t o t h e f e r r i t e growth.
The r e t a i n e d values of t h e e l a s t i c s t r a i n s i n t h e i n c l u s i o n a r e o f course small i n t h i s a n a l y s i s , p r e c i s e l y because t h e transformation proceeds i n such a way t h a t t h e shape of t h e r e s u l t a n t p a r t i c l e minimises t h e r e t a i n e d e l a s t i c energy a s has been discussed by both Eshelby (16) and C h r i s t i a n ( 1 7 ) . The conclusions a r r i v e d a t above a r e , however, s i g n i f i c a n t l y a l t e r e d i f A were t o have a f i n i t e value, s i n c e a low value of 5 does n o t reduce s t r a i n s i n t h e p a r t i c l e a s s o c i a t e d with t h e s c a l e r A . Indeed, a s has been noted by C h r i s t i a n (17), t h e r e t a i n e d e l a s t i c energy i s s l i g h t l y reduced i f A i s negative. While t h e r e i s no a -p r i o r i reason t o assume t h a t t h e transformation proceeds i n such a way t h a t t h e e l a s t i c energy i s minimised, t h e value of A which would allow t h i s would, again, n o t a l t e r t h e accuracy o f equation (1) s i g n i f i c a n t l y .
I f we were t o t a k e t h e a l t e r n a t i v e approach o f assuming t h a t t h e t r a n sformation might proceed a c r o s s an e l a s t i c a l l y u n s t r a i n e d plane, s o t h a t I cl; = E~~ = 0, t h i s would r e q u i r e A = -2 x under which circumstances t h e r e t a i n e d s t r a i n energy would be reduced by o n l y about 0.01%. Again, minimal e r r o r s a r i s e i n t h e use of equation (1) f o r i n f e r r i n g carbon c o n t e n t s from l a t t i c e f r i n g e measurements.
I t should be noted t h a t , while considerable confusion remains i n t h e l i t e r a t u r e on t h e i n t e r p r e t a t i o n of experimental measurements of A , n e c e s s a r i l y made a t f r e e s u r f a c e s , Muddle e t a l . have concluded t h a t A was n o t l a r g e r than 0.02% f o r t h e system they examined ( 1 8 ) , though it would a l s o appear t h a t transformations i n d i f f e r e n t s t e e l s can g i v e s i g n i f i c a n t l y d i f f e r e n t v a l u e s of A (18) . I I I t w i l l be c l e a r t h a t i f p l a s t i c r e l a x a t i o n does n o t occur, El3 = €31 would be considerably l a r g e r than t h e values of t h e s t r a i n s perpendicular and p a r a l l e l t o t h e e l l i p s o i d ' s f a c e , and of t h e o r d e r of 1 p c t . o r more with comparable changes i n l a t t i c e parameter l o c a l l y around t h e transforming region. Analysis of t h e s t r e s s e s a s s o c i a t e d with t h e transformation i n d i c a t e s , however, t h a t p l a s t i c r e l a x a t i o n would occur during t h e growth of t h e f e r r i t e t o p a r t i a l l y r e l i e v e t h e r e s u l t a n t s t r e s s e s . The r e l a x a t i o n process would not be complete during growth i n t h e incomplete b a i n i t e r e a c t i o n i n t h a t t h e l o c a l f o r r e s t hardening of t h e a u s t e n i t e would p r o g r e s s i v e l y i n h i b i t f u r t h e r r e l a x a t i o n (19) u n l e s s t h i s could occur d i f f u s i o n a l l y . In t h e c o n t e x t of t h e measurement of t h e r e t a i n e d e l a s t i c s t r a i n s and t h e i r e f f e c t on t h e accuracy of i n f e r r e d carbon c o n t e n t s , d i f f u s i o n a l r e l a x a t i o n of t h e s h e a r s t r a i n s would seem t o be l i k e l y by i n t e r f a c i a l shape changes only after t h e growth process is complete.
W e may summarise t h i s d i s c u s s i o n by saying t h a t it i s extremely u n l i k e l y t h a t t h e d i f f e r e n c e i n spread between t h e i n f e r r e d carbon c o n t e n t s from TEM d a t a and t h o s e obtained d i r e c t l y by atom probe techniques can be explained by any e l a s t i c s t r a i n s a s s o c i a t e d w i t h t h e transformation. I t would seem t o be more l i k e l y t h a t t h e d i f f e r e n c e s i n t h e two s e t s of r e s u l t s a r e r e a l , and have t h e i r o r i g i n i n t h e r a t h e r d i f f e r e n t non-random a r e a sampling procedures a s s o c i a t e d with t h e two methods. I t should, however, be noted t h a t t h e approach p r e s e n t e d i s n o t a p p l i c a b l e t o t h e e f f e c t s which might occur a t more equiaxed regions of r e t a i n e d a u s t e n i t e which can a r i s e i f termination i s a t high volume f r a c t i o n s o f f e r r i t e . I n conclusion, t h e above a n a l y s i s has allowed us t o c a l c u l a t e reasonably r e a l i s t i c values f o r t h e e l a s t i c s t r a i n energy r e t a i n e d during t h e growth p r o c e s s i f t h i s proceeds by t h e incomplete b a i n i t e r e a c t i o n , f o r which only p a r t i a l p l a s t i c s t r e s s r e l a x a t i o n i s a p p r o p r i a t e . The To' and To" values shown i n f i g u r e 2 a r e f o r zero and equilibrium p l a s t i c r e l a x a t i o n of t h e e l a s t i c s t r a i n energy, n e g l e c t i n g t h e e f f e c t cf d i f f e r e n c e s i n t h e volume f r a c t i o n of r e t a i n e d a u s t e n i t e on the stress systems. ( r e l a x e d ) a n d A e 3 ' l i n e s .
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